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Tooth decay is a prevalent issue among Australian children. Empirical evidence 
suggests fluoride plays a preventative role against tooth decay, and water fluoridation has 
thus become a common practice in several countries. Recently, studies have raised questions 
about the impact of fluoride on child brain development. Many have focussed on cognition, 
with few considering emotional or social factors, and have often lacked representative 
populations, sound fluoride measures and confounder controls. This study aimed to fill gaps 
in the literature regarding fluoride exposure and socioemotional development, contributing 
high quality research with a national Australian sample. Participants were recruited from a 
previous national study on child oral health (N = 943) and completed the Strength and 
Difficulties Questionnaire, containing questions about social and emotional functioning. A 
series of regression analyses indicated no significant relationship between social and 
emotional wellbeing and lifetime exposure to fluoridated water. The minimal exposure group 
did not predict significantly more or less variance in SDQ scores than the partial (p = .898) or 
full (p = .996) exposure groups. We can therefore retain the null hypothesis that there is no 
relationship between fluoride exposure and child socioemotional functioning. Future studies 
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There are several known elements that are essential, or at least beneficial, for the 
human body to flourish. Many of these elements (e.g. iron and potassium), are consumed 
through diet and water intake, and are known to have a significant impact on human 
development. Often, too little of these elements can starve the body of nutrients beneficial for 
overall wellbeing. On the contrary, excessive amounts can have serious adverse effects on 
health. In recent years, there has been a significant emphasis on children receiving the 
optimal amount of nutrients and minerals through their diet and water consumption, as they 
are known have a direct relationship with physical and psychological development and 
functioning in later life (Bryan et al., 2004). An element which has received extensive 
attention in this context is fluoride. 
1.1 Fluoride 
 
Fluoride is a natural mineral found in water, air and soil and is the thirteenth most 
common element, making up 0.06-0.09% of the earth’s crust (Fawell, Bailey, & Chilton, 
2006; Peckham & Awofeso, 2014). Fluoride naturally occurs in differing concentrations 
within water sources: seawater contains approximately 1.2-1.5ppm (parts per million) of 
fluoride, and freshwater contains approximately 0.01 to 0.3ppm (Fawell et al., 2006; Kanduti, 
Sterbenk, & Artnik, 2016). Small amounts of fluoride are also found naturally in several 
fruits, vegetables and meats, and higher quantities can be found in certain teas (Murray, 
1986). The concentrations of fluoride in these items are generally considered insignificant 
when consumed as part of a Western-style diet (Murray, 1986), however, in non-Western 
countries, the ingestion of fluoride via diet may be more substantial (Fawell et al., 2006). 
Sodium fluoride, a synthetic version of the mineral, has also been intentionally added to 
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several foods, supplements, and dental products around the world for use against tooth decay 
(National Health and Medical Research Council [NHMRC], 2007; 2017). After ingestion, 
approximately 90% of fluoride is absorbed into the gastrointestinal tract and distributed into 
the bloodstream, with the other 10% being excreted via faeces (Kanduti et al., 2016; World 
Health Organization [WHO], 2017). Almost all absorbed fluoride then gathers in the calcium-
rich areas of the body, in particular, the enamel and dentine of bones and teeth (International 
Programme on Chemical Safety, 2002; WHO, 2017). 
1.1.1 Tooth decay and fluoride 
 
There is extensive empirical evidence which suggests fluoride plays a significant role 
in the prevention of tooth decay, or dental caries (Cate, 1999; Fawell et al., 2006; Peckham & 
Awofeso, 2014). Dental carries occur when leftover plaque (often from food or drink) 
produces acid in the mouth which erodes the outer layer of the teeth (Queensland Health, 
2008). Tooth decay is considered a prevalent issue among Australian children and is the most 
common childhood disease (Do & Spencer, 2016; Gussy, Waters, Walsh, & Kilpatrick, 
2006). In 2014, it was found that over one in ten Australian children aged 6-14 years had 
dental caries which had been left untreated (Do & Spencer, 2016). This high prevalence of 
dental issues in children has been linked to the regular consumption of high-sugar beverages 
(Armfield, Spencer, Roberts-Thomson, & Plastow, 2013) and inadequate dental check-ups 
(Gussy et al., 2006). Tooth decay in children is a significant health issue not only because it 
causes short-term discomfort and pain, but it has also been shown to predict global 
developmental stunting (Sachdev, Bansal, & Chopra, 2016), and further oral disease later in 
life (Do & Spencer, 2016; Gussy et al., 2006). 
Over time, fluoride has been identified as having both preventative and restorative 
effects on tooth decay (WHO, 2002). Decay, or demineralisation, in human teeth is often 
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caused by the combination of low pH and fluoride levels in the mouth, leading to the gradual 
erosion of tooth enamel (Cate, 1999; Kanduti et al., 2016). On the other hand, optimal levels 
of fluoride partnered with neutral pH levels promotes remineralisation, that is, the hardening 
of tooth minerals back into a healthy state (Cate, 1999). As fluoride gathers on tooth enamel, 
it forms calcium phosphates and fluorhydroxyapatite (the hard compounds found naturally in 
teeth), beginning the process of remineralisation (Cate, 1999; Kanduti et al., 2016). 
1.1.2 Excessive fluoride exposure and fluorosis 
 
Although optimal exposure to fluoride has proved beneficial for one’s oral health, 
excessive exposure has been strongly linked to the development of dental fluorosis, a 
condition characterised by mottling of the teeth, or, at chronic exposure to high levels of 
fluoride, changes to skeletal structure, muscle pain and stiffness (WHO, 2019). Skeletal 
fluorosis may occur when drinking water contains over 3mg of fluoride per litre and becomes 
more chronic as this ratio increases (WHO, 2017). Vulnerability to fluorosis appears to vary 
with age. Past research has shown that, while fluoridated toothpaste acts as a preventative 
measure against tooth decay for adults, early use of fluoridated products by children can be 
linked to the onset of fluorosis (Do & Spencer, 2007a; Rogers, 2011; Spencer & Do, 2008). 
Dental experts have thus emphasised the need for a balance between no fluoride intake, due 
to its beneficial effects on dental caries, and excessive intake, due to the risk of fluorosis (Do 
& Spencer, 2007b). 
1.1.3 Background of fluoridation in Australia 
 
Developed as a way to harness the beneficial effects of fluoride on dental caries, 
water fluoridation has emerged as one of the most significant and successful public health 
advancements in several countries over the last century (Clarkson, Hardwick, Barmes, & 
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Richardson, 2000). However, this risk-benefit issue has caused extensive debate regarding 
how to implement the appropriate level of fluoride in drinking water on a national and 
international level (Awofeso, 2012). In Australia, most states implemented mandatory 
artificial water fluoridation in the 1960s and 70s (NHMRC, 2017). Queensland, however, 
only began this practice in 2008, after having one of the highest rates of tooth decay in 
Australia with only 5% of children in the state having access to fluoridated water (Koh et al., 
2015). In 2012, the Queensland Parliament reversed this directive, allowing local 
governments to decide whether to add fluoride to drinking supplies (Health Protection Unit, 
2013). As of 2017, approximately 89% of Australians have access to fluoridated water, 
including a few small regions which already have naturally occurring fluoride within the 
recommended level (NHMRC, 2017). This access still varies among states and territories, 
with Queensland still having the lowest state-wide level of access. Since the implementation 
of water fluoridation across Australia, there has been a dramatic decline in dental caries 
nation-wide (Koh et al., 2015; Rugg-Gunn & Do, 2012; Slade, Davies, Spencer, & Stewart, 
1995), reducing tooth decay in Australian children by 26%, adolescents by 44%, and adults 
by 27% (NHMRC, 2017). 
Despite the proven success of water fluoridation, there are still disagreements 
regarding the optimal concentration of fluoride in public water systems (Spencer, Do, 
Mueller, et al., 2018). This is somewhat expected; as the optimal fluoride exposure depends 
on several factors which differ between regions (e.g. pH, alkalinity and the extent of fluoride 
in food and other beverages), an optimal fluoride concentration cannot be universally applied 
(Viswanathan, Jaswanth, Gopalakrishnan, Siva Ilango, & Aditya, 2009). The current national 
recommended level in Australia is within the range of 0.6-1.1mg of fluoride per litre of water 
(NHMRC, 2017; Spencer, 2006). Even within individual cities and towns, finding an optimal 
FLUORIDE AND SOCIOEMOTIONAL DEVELOPMENT 14 
 
 
concentration comes with the difficulty that populations in many western countries are 
exposed to fluoride through many sources (Clarkson et al., 2000), and thus, one’s total daily 
fluoride intake may be significantly greater if fluoride is consumed from substances other 
than tap water, or significantly lower if one does not drink tap water at all (Peckham & 
Awofeso, 2014). 
1.1.4 Fluoride and the brain 
 
As discussed, extensive research in this area has established the effectiveness of 
fluoride in maintaining sound oral health. However, a growing body of literature has recently 
raised questions about fluoride and its impact on brain development (Choi, Sun, Zhang, & 
Grandjean, 2012). Several overseas studies have suggested exposure to the mineral may lead 
to lowered cognitive functioning, namely intelligence (Ding et al., 2011; Hong, Cao, Yang, & 
Wang, 2008; Karimzade, Aghaei, & Mahvi, 2014; Khan et al., 2015; Li, Zhi, & Gao, 1995; 
Valdez Jiménez et al., 2016) and impaired learning and memory (Jetti, Raghuveer, & 
Mallikarjuna, 2016; Zhang, Xu, Shen, & Xua, 2008; Zheng, Sun, Ke, Ouyang, & Zhang, 
2016). These conclusions have received significant attention, leading some researchers to 
label fluoride as a neurotoxin (Grandjean & Landrigan, 2014). However, it should be noted 
that the fluoride levels used in many of these studies greatly exceed the levels found in 
Australian water, and most of these studies do not have appropriate controls for confounding 
variables such as parent education, socioeconomic status, or exposure to harmful chemicals 
known to be present in the studied regions (NHMRC, 2017). This adverse impact of fluoride 
on the brain is therefore not supported by methodologically sound research. 
1.2 Child social and emotional development 
 
1.2.1 Normative social and emotional development 
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There are several aspects of social and emotional functioning which are necessary for 
children to thrive and flourish in development (Australian Institute of Health and Welfare, 
2012). The understanding in present research is that, just as meeting one’s physical needs at a 
young age can grow children into physically healthy functioning adults, the same transfer 
occurs in respect to children’s social and emotional functioning (Denham, Wyatt, Bassett, 
Echeverria, & Knox, 2009). As such, there are several domains of social and emotional 
functioning which have been of interest in recent research. 
In the literature, children’s emotional and behavioural problems are discussed as 
either internalising behaviour (within one’s internal world) or externalising behaviour 
(actions in the external world) (Achenbach, 1966; Vandenbos, 2015). Several studies have 
thus broadly divided children’s psychological issues into these two categories (Crijnen, 
Achenbach, & Verhulst, 1997; Mesman, Bongers, & Koot, 2001; Roelofs, Meesters, ter 
Huurne, Bamelis, & Muris, 2006; Zeman, Shipman, & Suveg, 2002). Internalising issues are 
often discussed in the context of emotional problems, such as experiences of depression and 
anxiety (Zahn-Waxler, Klimes-Dougan, & Slattery, 2000), or peer problems, such as 
withdrawal behaviours (Watling, 2015). Externalising problems have also received interest, 
particularly in children’s inability to self-regulate their emotions and urges (Thompson & 
Calkins, 1996), often discussed in terms of aggressive or antisocial behaviours (Bayer et al., 
2012; Laird, Jordan, Dodge, Pettit, & Bates, 2001) as well as hyperactivity and issues with 
inattention (Hinshaw, 1987). A number of factors have been found to influence the 
prevalence and nature of internalising and externalising behaviours in children. These include 
sex (Allgood-Merten, Lewinsohn, & Hops, 1990), socioeconomic status (Reiss, 2013) and 
household income (Dearing, McCartney, & Taylor, 2006). 
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There have been clear negative outcomes identified in association with having social 
and emotional difficulties during childhood. There is evidence that difficulties in these areas 
of functioning can have negative effects on children’s academic achievement and overall 
school experience (Pahl & Barrett, 2007). More specifically, children who behave 
antisocially are less likely to be accepted and encouraged by their teachers (Shores & Wehby, 
1999), and those who are unable to control negative emotions of anger have greater academic 
difficulties than those who do not (Arnold et al., 1999; McClelland, Morrison, & Holmes, 
2000). It has also been identified that social and emotional skills build resilience in children 
(Masten, Best, & Garmezy, 1990) and act as a protective factor against general life stressors 
(Garmezy, 1991). These outcomes suggest the importance of implementing policies and 
interventions which increase children’s likelihood of achieving optimal social and emotional 
development (Australian Institute of Health and Welfare, 2012; Greenberg, Domitrovich, & 
Bumbarger, 2001). 
1.2.2 Recent areas of interest in social and emotional functioning 
 
Despite prevalent research on social and emotional difficulties, there has been a recent 
multi-disciplinary shift toward strength-based assessments and practice, resulting in an 
interest not only in children’s behavioural weaknesses, but their strengths (Bozic, 2013; 
Goodman, 1997). In the context of assessment, parents are often more willing to report on 
their child’s difficulties when they also have opportunity to report on their desirable traits 
(Goodman, 1994). With the recent spread of mental health awareness, there has also been an 
increased interest in not just emotional problems themselves, but the everyday impact and 
burden experienced by families affected by these problems (Costello, Egger, & Angold, 
2005). This has been studied in the context of children with psychiatric disorders, such as 
schizophrenia (Bogren, 1997; Knock, Kline, Schiffman, Maynard, & Reeves, 2011), as well 
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as behavioural conditions, such as autism spectrum disorder (Taylor & Seltzer, 2011). With 
these recent trends in research, it appears there are several domains necessary to cover when 
providing a comprehensive assessment of social and emotional wellbeing. 
1.2.3 Fluoride in connection to child development 
 
As previously mentioned, fluoride has been linked to lowered cognitive development 
in several overseas studies. Many of the observed effects in the literature on fluoride have 
been found in child participants (Hong et al., 2008; Karimzade et al., 2014; Sebastian & 
Sunitha, 2015). A common hypothesis is that, as infants and children have a heightened 
vulnerability to neurotoxins and the injuries caused by them (Weiss, 2000), the concentration 
of fluoride considered appropriate for adults in many countries may have detrimental effects 
on children (Grandjean & Landrigan, 2014). Likewise, there has been a focus on the impact 
of fluoride on the development of the foetal brain. Three Chinese studies found that high 
fluoride levels were associated with neurological damage to developing brains (Du, Wan, 
Cao, & Liu, 2008; He, Cheng, & Liu, 2008; Yu et al., 2008). However, in each of these 
studies, no controls for potential confounders were reported, allowing for the possibility of 
several factors to influence results, such as parent education, socioeconomic status and 
whether the area in which they reside had high levels of other harmful substances. This lack 
of control for confounders therefore clouds any potential relationship between fluoride and 
the developing brain. 
1.2.4 Fluoride and socioemotional child development 
 
Despite the large number of studies investigating this relationship between fluoride 
and cognitive development, the relationship between fluoride and socioemotional 
development has scarcely been explored. Where it has been investigated, studies have mostly 
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used animal participants, and thus there is a lack of research investigating fluoride in relation 
to human social and emotional functioning, let alone child-specific functioning. Two animal 
studies found that fluoride exposure caused both anxious and depressive symptoms in mice 
(Li et al., 2019; Liu et al., 2014), however, applying these findings to humans comes with the 
difficulty that the fluoride levels used as predictors were again substantially higher than what 
would be found in fluoridated drinking water. 
There is also a small body of research linking fluoride exposure to changes in the 
thyroid gland, known for its connection to emotion and mood (Hage & Azar, 2012). Some 
research suggests fluoride may contribute to hypothyroidism, the underactivity of the thyroid 
gland, which often leads to symptoms of depression and apathy (Hage & Azar, 2012; Malin, 
Riddell, McCague, & Till, 2018; Peckham, Lowery, & Spencer, 2015; Zohreh et al., 2018). 
Similarly, other studies suggest fluoride may have therapeutic effects on hyperthyroidism, the 
overactivity of the thyroid gland, which is known to lead to behavioural problems, paranoia 
and aggression (Galletti & Joyet, 1958; Zachariassen & Flaten, 2009). 
1.2.5 Gaps in current literature 
 
The research in this area is far from conclusive, and thus the present study aims to 
contribute to filling the gaps in knowledge regarding the relationship between fluoride and 
child social and emotional wellbeing. A significant limitation to the research conducted thus 
far is a common lack of control for potential confounders which have independently-
established effects on development (Jack et al., 2016). This has been exacerbated by frequent 
reporting of unrepresentative populations, with several studies sampling only from two or 
three specific towns or counties (Hong et al., 2008; Karimzade et al., 2014; Li et al., 1995). 
Many have also used inappropriate measurements of fluoride exposure, with some drawing 
conclusions from current levels of fluoride in the body rather than long-term exposure (Ding 
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et al., 2011; Li et al., 1995). Those which have assessed the effects of long-term exposure to 
fluoridated water have often assumed that either the fluoride concentrations in the water of 
the studied regions have remained stable over time (Khan et al., 2015; Sebastian & Sunitha, 
2015), or that participants have never changed residences (Hong et al., 2008; Karimzade et 
al., 2014). Both flaws in methodology increase studies’ susceptibility to the influence of 
confounding factors. The most thorough method of assessing fluoride exposure is thus a 
measure of long-term exposure to fluoridated water which considers these two variables, 
whilst also controlling for confounders relevant to the participant group (Grembowski, 1988). 
The present study aimed to address and overcome these problems by controlling for potential 
confounders, utilising a sound measure of fluoride exposure, and recruiting a representative 
sample. 
1.3 The present study 
 
The aim of the present study was to explore any relationship between exposure to 
fluoridated water and child social and emotional wellbeing, contributing high quality and 
representative research to the literature. This was investigated both in terms of the level of 
symptoms of social and emotional problems, and in terms of the proportion of children 
falling within clinical risk categories. 
After controlling for known confounders, it was predicted that: 
Hypothesis 1: There would be no association between exposure to fluoride and 
overall child social and emotional wellbeing. 
Hypothesis 2: There would be no association between exposure to fluoride and the 
different aspects of child social and emotional wellbeing (emotional problems, peer 
problems, hyperactivity and conduct problems). 
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Hypothesis 3: The proportion of children rated as falling within the clinical range of 
social and emotional problems would not differ according to their exposure to fluoride. 
Hypothesis 4: There would be no association between exposure to fluoride and the 
impact of social and emotional problems on everyday life. 
Hypothesis 5: There would be no association between exposure to fluoride and the 





Participants for the present study were obtained from a larger pool of participants 
from the 2012-2014 National Child Oral Health Study (NCOHS) (Do & Spencer, 2016), a 
study assessing the oral health of children aged 5-14 years. This was a large, representative 
study across Australia. The study used a two-stage sample design to recruit participants: in 
the first step, each jurisdiction provided a list of all public, Catholic and independent primary 
and secondary schools within their state, and out of these, a group of schools were selected 
for the study. The exclusion criteria for schools were: too remotely located for a dental van to 
access, special schools, and small school enrolment (<50 students). Schools were selected 
based on the necessity to adequately represent all regions of each state, and thus, if a selected 
school did not agree to participate, they were replaced on a case-by-case basis to ensure the 
replacement school was from the same region and had a comparable socioeconomic profile. 
In the second step, children were randomly selected from each school. Overall, the study 
recruited 24,664 children and their parents, each of whom participated in both stages of the 
study (parent questionnaire and child oral examination). Demographics for the present study 
were collected at this time point. All parents gave researchers permission to recontact them in 
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reference to further research. For the present study, parents and guardians from the NCOHS 
population were recontacted, and a total of 1,213 participants were recruited across all 
Australian states. The children referenced in this study were aged 10-17 years at the time of 
participation. 
2.2 Measures 
2.2.1 Measurement of demographic variables 
 
The following demographic variables were measured for the study: sex, child 
Indigenous identity, parent country of birth, household income, parent education, residential 
location, family composition (measured by number of guardians in household), and 
socioeconomic status. This information was obtained from the parent questionnaires and 
child oral examinations used in the NCOHS (2012-2014). The sex of participants was 
categorised as male or female. Child Indigenous identity was based upon children’s answers 
to the question ‘are you of Aboriginal or Torres Strait Islander origin?’ Those who answered 
‘yes’ were classified as Indigenous, whereas those who answered ‘no’ were classified as non-
Indigenous. Parent country of birth was collected and ordered into two broad categories: 
Australian-born or overseas-born. If at least one parent indicated they were born overseas, 
they were classified together as overseas-born. Otherwise, parent country of birth was 
classified as Australian-born. Household income was categorised into low, medium and high-
income groups. The inclusion criteria for each group was as follows: low income was 
characterised as parents whose annual income was less than $60,000; medium income, 
between $60,000 and $120,000; and high income, over $120,000. Parent education was based 
upon parent’s highest reported education level and categorised into three groups: school-level 
education, vocational training, and tertiary education. Classifications were applied based on 
whichever parent had the higher education level. For residential location, the Remoteness 
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Area Structure of the Australian Statistical Geography Standard (ASGS) (Australian Bureau 
of Statistics, 2016) was used to classify children’s reported postcode as either major city, 
inner regional, outer regional, or remote/ very remote. Socioeconomic status was determined 
by applying participant residential addresses to the Socioeconomic Indexes for Areas 
(SEIFA) (Australian Bureau of Statistics, 2011), a measure which ranks Australian postcodes 
according to their relative socioeconomic advantage or disadvantage, with higher scores 
indicating more advantaged areas. These scores were then categorised into five ‘SEIFA’ 
groups to be used in analyses. Full demographic variables for the present sample are reported 
in the Results section. 
2.2.2 Measurement of fluoride exposure 
 
Lifetime fluoride exposure was obtained by utilising the Australian Research Centre 
for Population Oral Health database of postcode-specific fluoride levels in public water 
supplies (Spencer, Do, & Ha, 2018). This database collects information on both artificial and 
natural fluoride levels and has been regularly updated with information from health and water 
authorities since its development in 1990. In the previous NCOHS questionnaire, participants 
provided residential history from birth to the time of survey, as well as detailed information 
about the child’s consumption of public water. Combined use of the information on postcode-
specific fluoride concentration and participants’ residential information allowed for the 
calculation of an individual-level percentage of lifetime exposure to fluoridated water 
(%LEFW), which was used in the present study as the measure for fluoride exposure in 
participants. This has been validated as a strong and extensive measure of lifetime exposure 
to fluoride (Slade et al., 1995). 
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2.2.3 Measurement of social and emotional wellbeing 
 
To measure participants’ social and emotional wellbeing, the Strengths and 
Difficulties Questionnaire (SDQ) was used, an extensively validated and widely used 
measure of psychopathology in children aged 4-17 years (Goodman, 2001; Miller-Lewis et 
al., 2014). The questionnaire includes 25 items assessing positive and negative developmental 
attributes of children on five subscales: conduct problems, hyperactivity-inattention, 
emotional problems, peer problems, and prosocial behaviour. The SDQ is scored using a 3-
point Likert scale with 0 as ‘not true’, 1 as ‘somewhat true’, and 2 as ‘certainly true’. A total 
difficulties score is generated by summing the four problem subscale scores. An impact 
supplement of an additional 7 questions was also added to the questionnaire to assess the 
chronicity, distress, burden, and interference with everyday life caused by perceived 
difficulties (Goodman, 1999). This additional component was included in the present study to 
allow us to assess the clinical relevance of any social or emotional difficulties identified. 
The SDQ has proven to be useful in predicting psychiatric disorders in children from 
numerous countries (Goodman, Renfrew, & Mullick, 2000; Warnick, Bracken, & Kasl, 
2008), and stands well against diagnostic interviews, long considered the gold standard of 
assessing emotional and social problems (Goodman, 2001). Previous studies have reported 
moderate to good internal consistency of the parent-report version used in the current study, 
with Cronbach’s alphas ranging from 0.80-0.82 for total difficulties, 0.67-0.73 for emotional 
symptoms, 0.55-0.64 for conduct problems, 0.57-0.78 for peer problems, 0.80 for 
hyperactivity, and 0.65-0.75 for prosocial behaviour (Goodman, 2001; Muris, Meesters, & 
van Den Berg, 2003). It appears conduct and peer problems are often notably lower in 
reliability, and total difficulty score may be the most reliably useful value to use in analyses. 
The Cronbach’s alphas for the current sample were somewhat better than what has previously 
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been reported. The total difficulty score, as well as the emotional problems and hyperactivity 
subscales, reached the benchmark of 0.70, with Cronbach’s alphas of 0.70, 0.71 and 0.80, 
respectively. Consistent with the literature, conduct and peer problems were slightly lower, at 
0.65 and 0.69. Studies have also confirmed the measure’s sound test-retest reliability (Muris 
et al., 2003) (Goodman, 2001) and concurrent validity (Goodman, 1997; Goodman & Scott, 
1999). 
2.3 Ethical considerations 
 
This study received approval from the University of Adelaide Human Research Ethics 
Committee (HREC) (Approval Number H-2019-020). The first page of the questionnaire 
received by participants included an information sheet outlining the purposes of the study, as 
well as a consent statement which stated that participation was voluntary and involvement in 
the study could be withdrawn at any time (Appendix A). Completion of the questionnaire was 
considered consent to participate in the study. 
2.4 Procedure 
 
Parents of participants from the NCOH study were sent an email containing an online 
version of the study questionnaire. If the email bounced back or participants did not respond, 
participants were sent a paper version of the questionnaire via the postal address obtained in 
the first study. If again this received no response, participants were contacted via telephone. 
Due to being part of a larger study, the questionnaire package had multiple parts containing 
several measures: (a) Child’s Dental Behaviours and Practices; (b) Childhood Behaviour 
Problems; (c) Child’s General Health and Daily Activities; (d) General Family Information; 
(e) Evaluation of Child’s Dental Services. Part B included the SDQ, as well as an additional 
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measure assessing executive and cognitive functioning not reported here. The full 
questionnaire can be found in Appendix B. 
2.5 Statistical analyses 
 
Data was analysed using Statistical Package for the Social Sciences (SPSS, Version 
24.0). Prior to data collection, a priori power analysis was conducted using G*Power to 
determine the sample size required to detect a meaningful effect. Results revealed a sample 
size of 776 would give sufficient power to detect the expected small effect (f2 = 0.02) with 
alpha (p<.05) and power (0.80) levels set according to convention. Full results from this 
analysis can be seen in Appendix C. When designing the study, it was estimated that 
approximately 800 participants would be recruited, suggesting the study would have 
sufficient power to detect an effect. A multiple linear regression was used to test all 
hypotheses except Hypothesis 3, for which a logistic regression was used. Based upon a 
review of the literature and in consideration of the study population, the following variables 
were identified as confounders for the study and controlled for: sex, household income, 
parent education, Indigenous identity, parent country of birth, family composition (measured 





3.1 Data Screening 
 
3.1.1 Missing data 
 
Prior to analysis, data were screened for missing values. As per standard methodology 
recommended by the SDQ developers, in cases where a subscale had two or less missing 
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items, substitution was conducted using each subscale mean from that participant 
(Youthinmind, 2019). Cases where all SDQ items were missing, or where there were too few 
items to complete mean substitution, were excluded from the study (N = 278). A total of 934 
participants provided data without missing values and were included in statistical analysis, 
and 9 additional scores were included after mean substitution. This resulted in a final dataset 
of 943 participants. 
3.1.2 Assumption testing 
 
To determine suitability for the analyses, data was tested against the assumptions of 
tests prior to analysis. The Shapiro-Wilk test was used to assess normality of the data. 
%LEFW did not meet the assumption of normality, and analysis of the histogram revealed a 
bimodal distribution (see Figure 1). Analysis of SDQ total difficulty scores also revealed a 
non-normal distribution, however visual inspection of the histogram and descriptive statistics 
indicated it was very close to normal (see Figure 2). Being a large dataset, standard 
methodology suggests use of parametric statistics is acceptable provided the distribution 
appears close to normal (Allende-Alonso, Bouza-Herrera, Rizvi, & Sautto-Vallejo, 2019; 
Ghasemi & Zahediasl, 2012). Data was inspected for outliers using a Boxplot analysis, which 
indicated 17 cases lying far from the mean. After examination for invalid entries and errors, it 
was found that no scores exceeded the range of possible scores for the SDQ. Analysis of the 
Boxplot output also indicated that the outliers did not greatly alter the mean, due to the 
study’s large sample size. As some high and low-end scores are expected within a community 
sample, and inclusion of these scores provided valuable information about the study 
population, no scores were removed from the analysis. Results from this Boxplot can be seen 
in Appendix D. 
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3.2 Descriptive statistics 
 
3.2.1 Demographic variables 
 
Percentages and frequencies were generated to analyse the demographic information 
of the sample. The study population appeared to be largely made up of highly educated, 
middle and high-income individuals. Over half of participants resided in major cities 
(55.7%), most guardians were tertiary educated (75.4%), and almost all guardians reported 
their child as non-Indigenous (97.7%). Full demographic statistics for participants can be 
seen in Table 1, and a comparison to those excluded from the study can be seen in Table 2. 
The exclusion group had slightly more individuals from one-guardian (14.8%) and 
Australian-born (74.4%) households, and slightly less individuals educated beyond school 
level (86.5%). Apart from this, there appeared to be minimal differences between the two 
groups. 
3.2.2 Lifetime exposure to fluoridated water 
 
Analyses revealed that most participants had approximately 100% exposure to 
fluoride (54.8%), and the next largest group had no exposure (20.6%). As use of means in 
this case would not be meaningful due to the distribution being non-normal, the measure was 
split into three categories: <25% exposure, 25 to <100% exposure, and 100% exposure, as 









Full participant demographic characteristics 







Child Sex    
 Male 454 48.1% 
 Female 477 50.6% 
Child Indigenous Identity    
 Non-Indigenous 898 97.7% 
 Indigenous 21 2.3% 
Child Residential Location    
 Major City 513 55.7% 
 Inner Regional 221 24.0% 
 Outer Regional 153 16.6% 
 Remote/Very Remote 34 3.7% 
Parent/guardian Demographic 
Characteristics 
   
Parent Country of Birth    
 Australian-born 617 67.1% 
 Overseas-born 302 32.9% 
Parent Education Status    
 School-level Education 85 9.6% 
 Vocational Training 133 15% 
 Tertiary Education 667 75.4% 
Household Demographic 
Characteristics 
   
Number of Guardians One Guardian 83 9.0% 
 Two Guardians 836 90.8% 
Household Income    
 Low 157 17.7% 
 Medium 379 42.7% 
 High 351 39.6% 
Socioeconomic Status     
(SEIFA) 1 (Lowest Advantage) 121 13.1% 
 2 143 15.5% 
 3 156 16.9% 
 4 202 21.9% 
 5 (Highest Advantage) 299 32.5% 
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Table 2  
Comparison of key demographic variables between excluded and included participants 
 
 
Factors  Study Sample Excluded Participants 
    
Sex Male 48.1% 46.4% 
 Female 50.6% 53.2% 
    
Indigenous Identity Non-Indigenous 97.7% 98.5% 
 Indigenous 2.3% 1.5% 
    
Residential Location Major City 55.7% 57.6% 
 Inner Regional 24.0% 21.4% 
 Outer Regional 16.6% 18.8% 
 Remote/Very Remote 3.7% 2.2% 
    
Parent Country of Birth Australian-born 67.1% 74.4% 
 Overseas-born 32.9% 25.6% 
    
Parent Education School-level Education 9.6% 13.5% 
 Vocational Training 15% 11.5% 
 Tertiary Education 75.4% 75% 
    
No. of Guardians One Guardian 9.0% 14.8% 
 Two Guardians 90.8% 85.2% 
    
Household Income Low 17.7% 22.9% 
 Medium 42.7% 42.0% 
 High 39.6% 35.1% 
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3.2.3 Social and emotional development 
As per the statistical analysis plan, SDQ scores were generated into both continuous 
and categorical variables. To ensure the accurate generation of scores, certain items were 
reverse-coded, according to the syntax for the parent-report version provided by the SDQ 
developers (Youthinmind, 2019). Subscale and impact scores were calculated by summing 
scores on the relevant items, and total difficulty scores were calculated by summing each 
score on the emotional problems, conduct problems, hyperactivity and peer problems 
subscales (Youthinmind, 2019). Burden scores were created from participants’ answers to the 
question “do the difficulties put a burden on you or the family as a whole?” and ranged from 
1 to 4. To determine participants’ classification into clinical categories, the three-tier clinical 
group structure proposed by Goodman and outlined on the sdqinfo website was used, which 
categorises participants into ‘normal,’’ ‘borderline,’ and ‘abnormal,’ based on their total 
difficulty score and scores on each subscale. This was chosen against the later proposed four-
tier structure (Youthinmind, 2019), as it appears to be most commonly used in Australian 
samples (Fletcher, Tannock, & Bishop, 2001; Hayes, 2007; Kremer et al., 2015; Seward, 
Bayliss, Stallman, & Ohan, 2018) and has been shown to have few differences with 
Australian norms (Hayes, 2007). 
Upon analysis, it was found that 84% of participants fell into the normal range on 
total difficulty scores, and only 9.5% fell into the abnormal category. This is consistent with 
the assumptions of the clinical categories by Goodman, whereby approximately 10% of any 
general population should fall within the abnormal category, and 85% within the normal 
category (Goodman, 2001). Means for total difficulty and each subscale score did not appear 
dissimilar to the Australian norms. A comparison based on sex and age groups can be seen in 
Table 3. 




SDQ means and standard deviations for study sample and Australian norms for sex and age groups. 
 
Males Females 
 7-10 years 11-13 years 14-17 years 7-10 years 11-13 years 14-17 years 
SDQ Scores Sample Norms Sample Norms Sample Norms Sample Norms Sample Norms Sample Norms 
Total Difficulty 8.73 (4.7) 9.9 (6.4) 9.01 (5.58) 7.8 (5.8) 9.27 (5.25) 8.5 (5.8) 8.36 (4.96) 7.7 (5.7) 8.77 (5.43) 7.5 (6.1) 8.16 (5.36) 7.8 (5.9) 
Emotional 1.53 (1.55) 2.3 (2.1) 2.05 (2.36) 1.8 (1.8) 2.53 (2.37) 1.5 (1.9) 1.36 (1.45) 2.3 (2.0) 1.6 (1.84) 2.0 (2.1) 1.34 (1.88) 2.2 (2.1) 
Conduct 1.00 (1.25) 1.8 (1.7) 1.16 (1.50) 1.2 (1.7) 1.09 (1.67) 1.7 (1.6) 1.5 (2.03) 1.3 (1.5) 1.16 (1.52) 1.3 (1.6) 1.00 (1.49) 1.5 (1.6) 
Hyperactivity 4.00 (1.46) 4.1 (2.7) 4.05 (1.54) 3.2 (2.5) 3.87 (1.41) 3.5 (2.5) 4.5 (1.95) 2.6 (2.2) 4.35 (1.84) 2.5 (2.2) 4.03 (1.50) 2.5 (2.1) 
Peer 2.2 (2.81) 1.8 (2.0) 1.76 (1.99) 1.6 (1.9) 1.78 (1.88) 1.8 (2.0) 1.00 (1.62) 1.5 (1.9) 1.62 (1.84) 1.6 (1.9) 1.79 (2.10) 1.5 (1.9) 
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3.3 Overall and subcategory social and emotional functioning 
 The first two study hypotheses predicted no relationship between fluoride exposure 
and both overall and subcategory social and emotional wellbeing. Both hypotheses were 
largely supported by results. Inspection of frequency tables suggested no obvious differences 
between fluoride exposure groups on total difficulty or subscale scores (see Table 4). A 
simultaneous multiple regression was used to assess Hypothesis 1, in which dummy variables 
representing the three fluoride exposure groups were entered with all covariates, and total 
difficulty score was entered as the dependent variable. Dummy variables were also used for 
household income, parent education, Indigenous identity, parent country of birth, number of 
guardians in household, residential location, socioeconomic status, and sex. Results indicated 
the model was significant and explained 3.6% of the variance in total difficulty scores,  
F(17, 900) = 2.004, p = .009. However, as expected, exposure to fluoride did not significantly 
contribute to the model. Full statistical information from this regression can be seen in Table 
5. SDQ subscales were analysed the same way. Regression models for emotional problems, 
peer problems and hyperactivity were significant, however, exposure to fluoride did not 
significantly contribute to any of the models (see Table 6).









Total Difficulty 8.65 (5.23) 8.77 (5.58) 8.57 (5.18) 
Emotional Problems 1.76 (2.13) 1.82 (2.24) 1.89 (2.19) 
Peer Problems 1.78 (2.01) 1.75 (2.02) 1.60 (1.87) 
Conduct Problems 1.11 (1.58) 1.07 (1.63) 1.11 (1.53) 
Hyperactivity 4.00 (1.50) 4.13 (1.52) 3.98 (1.55) 
Table 4 
SDQ total difficulty and subscale means and standard deviations for fluoride exposure groups 
 




Simultaneous multiple regression analysis for variables predicting total difficulty scores 
Predictor Variables B SE β t p 95% CI R2 Adj R p 
Model       .036 .018 .009 
Constant 11.90 0.86  13.86 .001 10.21, 13.58    
Fluoride Exposure          
     Minimal (<25%)          
     Partial (25-<100%) 0.07 0.55 0.01 0.13 .898 -1.02, 1.16    
     Full (100%) 0.00 0.46 0.00 0.01 .996 -0.89, 0.90    
Household Income          
     Low Income          
     Medium Income -0.43 0.53 -0.04 -0.81 .417 -1.48, 0.62    
     High Income -0.30 0.58 -0.03 -0.51 .608 -1.43, 0.84    
Parent Education          
     School-level Education          
     Vocational Training 2.03 1.20 0.06 1.70 .090 -0.32, 4.38    
     Tertiary Education -0.00 0.70 0.00 -0.00 .997 -1.38, 1.38    
Residential Location          
     Major City          
     Inner Regional -1.10 0.60 -0.09 -1.83 .068 -2.27, 0.08    
     Outer Regional 0.37 0.40 0.03 0.92 .359 -0.42, 1.15    
     Remote/ Very Remote 0.34 0.35 0.03 0.96 .339 -0.36, 1.03    
(continued) 




















Parent Country of Birth          
     Australian-born          
     Overseas-born -1.87 0.66 -0.10 -2.81 .005 -3.17, -0.56    
Sex          
     Male          
     Female 0.38 0.49 0.03 0.77 .442 -0.59, 1.35    
No. of Guardians          
     One Guardian          
     Two Guardians -0.42 0.57 -0.03 -0.73 .468 -1.54, 0.71    
Indigenous Identity          
     Non-Indigenous          
     Indigenous -0.21 1.02 -0.01 -0.21 .837 -2.21, 1.79    
Socioeconomic Status          
     SEIFA 1          
     SEIFA 2 -0.47 0.66 -0.03 -0.71 .476 -1.76, 0.82    
     SEIFA 3 -1.24 0.66 -0.09 -1.88 .061 -2.53, 0.06    
     SEIFA 4 -0.86 0.63 -0.07 -1.38 .167 -2.12, 0.37    
     SEIFA 5 -0.84 0.66 -0.07 -1.28 .200 -2.13, 0.45    
Note. Reference groups for dummy variables were minimal fluoride (<25%), low income, school-level education, major city, Australian-born, male, 
one guardian, non-Indigenous, and SEIFA 1. SEIFA = Socioeconomic Indexes for Areas Group. Higher SEIFA group membership indicates greater 
socioeconomic advantage. 




Simultaneous multiple regression analyses for variables predicting SDQ subscale scores 
 Emotional Problems Peer Problems Hyperactivity Conduct Problems 
Predictor variables B SE β p B SE β p B SE β p B SE β p 
Constant 2.32 0.35  .000 3.03 0.31  .000 5.06 0.25   .000 1.48 0.25   .000 
Fluoride Exposure                 
     Minimal (<25%)                 
     Partial (25-<100%) 0.07 0.23 0.01 .765 0.02 0.20 0.00 .927 0.03 0.16 0.01 .868 -0.04 0.16 -0.01 .804 
     Full (100%) 0.19 0.19 0.04 .316 -0.13 0.17 -0.03 .454 -0.09 0.13 -0.03 .485 0.03 0.13 0.01 .798 
Household Income                 
     Low Income                 
     Medium Income -0.13 0.22 -0.03 .550 -0.21 0.20 -0.05 .275 -0.10 0.16 -0.03 .524 0.01 0.16 0.00 .973 
     High Income -0.14 0.24 -0.03 .560 -0.34 0.21 -0.09 .104 0.04 0.17 0.01 .805 0.14 0.17 0.04 .420 
Parent Education                 
     School-level Education                 
     Vocational Training 1.07 0.49 0.07 .028 0.28 0.44 0.02 .525 0.45 0.35 0.04 .198 0.21 0.35 0.02 .547 
     Tertiary Education -0.07 0.29 -0.01 .814 0.04 0.26 0.01 .883 0.18 0.21 0.04 .391 -0.15 0.21 -0.03 .473 
Residential Location                 
     Major City                 
     Inner Regional -0.36 0.24 -0.08 .136 -0.35 0.22 -0.08 .109 -0.17 0.18 -0.05 .320 -0.21 0.18 -0.06 .243 
     Outer Regional 0.06 0.16 0.01 .725 0.00 0.15 0.00 .980 0.16 0.12 0.05 .163 0.14 0.12 0.04 .231 
     Remote/ Very Remote 0.77 0.14 0.17 .000 -0.08 0.13 -0.020 .564 -0.34 0.10 -0.11 .001 -0.02 0.10 -0.01 .864 
Parent Country of Birth                  
     Australian-born                 
     Overseas-born -0.50 0.27 -0.07 .064 -0.47 0.24 -0.07 .053 -0.63 0.19 -0.12 .001 -0.25 0.20 -0.05 .202 
(continued) 
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Note. Reference groups for dummy variables were minimal fluoride (<25%), low income, school-level education, major city, Australian-born, male, one guardian, non-Indigenous, 
and SEIFA 1. SEIFA = Socioeconomic Indexes for Areas Group. Higher SEIFA group membership indicates greater socioeconomic advantage.
Sex 
 
                
     Male                 
     Female 0.21 0.20 0.04 .288 0.04 0.18 0.01 .816 0.08 0.14 0.02 .583 0.04 0.15 0.01 .762 
No. of Guardians                 
     One Guardian                 
     Two Guardians -0.02 0.23 -0.00 .940 -0.17 0.21 -0.03 .427 -0.19 0.17 -0.04 .264 -0.05 0.17 -0.01 .793 
Indigenous Identity                 
     Non-Indigenous                 
     Indigenous -0.18 0.42 -0.02 .664 -0.14 0.37 -0.01 .704 0.02 0.30 0.00 .942 0.09 0.30 0.01 .761 
Socioeconomic Status                 
     SEIFA 1                 
     SEIFA 2 
 
-0.20 0.27 -0.03 .447 -0.13 0.24 -0.02 .598 -0.11 0.19 -0.03 .572 -0.03 0.19 -0.01 .879 
     SEIFA 3 -0.26 0.27 -0.04 .334 -0.51 0.24 -0.10 .034 -0.31 0.19 -0.07 .110 -0.16 0.20 -0.04 .417 
     SEIFA 4 -0.27 0.26 -0.05 .290 -0.44 0.23 -0.09 .058 -0.18 0.19 -0.05 .335 0.02 0.19 0.00 .933 
     SEIFA 5 -0.20 0.27 -0.04 .450 -0.33 0.24 -0.08 .174 -0.16 0.19 -0.05 .418 -0.16 0.19 -0.05 .419 
Model R2 = .052 R2 = .040 R2 = .041 R 2= .009 
 F(17, 900) = 2.876, p <.001 F(17, 900) = 2.228, p = .003 F(17, 900) = 2.266, p = .002 F(17, 900) = .466, p = .968 
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3.4 Clinical groups of social and emotional functioning 
Membership to the normal, borderline and abnormal groups appeared similar across 
categories of fluoride exposure, with slight differences in the partial exposure group (see 
Table 7). Analysis of frequencies revealed the most common group membership combination 
was full fluoride exposure and clinically normal functioning (46.9%). In order to ensure 
adequate control of confounders when assessing Hypothesis 3, participants were further 
grouped into ‘normal’ and ‘clinically elevated’ groups, by combining the ‘borderline’ and 
‘abnormal’ categories, to suit logistic regression analysis. This categorisation has been used 
or recommended by previous studies (Rice et al., 2018; Theunissen, Vogels, Wolff, & 
Reijneveld, 2013), and is considered appropriate for research where false positives are less 
important than false negatives (Goodman, 1997). This is true for the present study, in that 
only a small effect, if any, was expected. A logistic regression was then conducted, but the 




Normal Borderline Abnormal 
n % n % n % 
Minimal Exposure 200 85.8% 14 6.0% 19 8.2% 
Partial Exposure 132 81.0% 15 9.2% 16 9.8% 
Full Exposure 411 85.4% 26 5.4% 44 9.1% 
Table 7 
Number and percentage of participants from fluoride exposure groups belonging to social and 
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Logistic regression analysis for predictors of membership to clinically elevated categories 
Predictor variables B SE (B) p Exp (B) 95% CI 
Constant -0.67 0.52 0.197 0.51 
 
Fluoride Exposure      
     Minimal (<25%)      
      Partial (25-<100%) (1) 0.42 0.29 0.15 1.53 0.86, 2.69 
      Full (100%) (2) 0.06 0.26 0.803 1.07 0.64, 1.77 
Household income      
     Low Income      
     Medium Income (1) 0.02 0.3 0.946 1.02 0.57, 1.83 
     High Income (2) -0.02 0.33 0.944 0.98 0.52, 1.86 
Parent education      
     School-level Education      
     Vocational Training (1) 0.07 0.38 0.848 1.08 0.51, 2.25 
     Tertiary Education (2) -0.378 0.34 0.273 0.69 0.35, 1.34 
Residential location      
     Major City      
     Inner Regional (1) 0.12 0.27 0.649 1.13 0.67, 1.92 
     Outer Regional (2) -0.51 0.34 0.139 0.6 0.31, 1.18 
     Remote/ Very Remote (3) 0.02 0.61 0.974 1.02 0.31, 3.40 
Parent country of birth      
     Australian-born      
     Overseas-born (1) 0.12 0.22 0.601 1.12 0.73, 1.74 
Sex      
     Male      
     Female (1) 0.25 0.2 0.202 1.29 0.87, 1.89 
Number of guardians      
     One Guardian      
     Two Guardians (1) -0.91 0.32 0.004 0.4 0.22, 0.75 
Indigenous Identity      
     Non-Indigenous      
     Indigenous (1) 0.88 0.54 0.102 2.4 0.84, 6.88 
Socioeconomic Status      
     SEIFA 1      
     SEIFA 2 (1) 
 
0.07 0.36 0.853 1.07 0.53, 2.15 
     SEIFA 3 (2) -0.4 0.37 0.283 0.67 0.33, 1.39 
     SEIFA 4 (3) -0.3 0.35 0.393 0.74 0.38, 1.47 
     SEIFA 5 (4) -0.36 0.37 0.337 0.7 0.34, 1.45 
Note. Reference groups were minimal exposure (<25%), low income, school education, major city, Australian-
born, male, one guardian, non-Indigenous and SEIFA 1. SEIFA = Socioeconomic Indexes for Areas Group. 
Higher SEIFA group membership indicates greater socioeconomic advantage.
FLUORIDE AND SOCIOEMOTIONAL DEVELOPMENT 40 
 
 
3.5 Impact and burden of social and emotional difficulties 
Impact and burden scores appeared similar across fluoride exposure groups, with the 
minimal fluoride group having a slightly lower impact score (see Table 9). Overall, 64.3% of 
participants answered that their child did not have difficulties in emotions, concentration, 
behaviour or being able to get along with others, resulting in an immediate impact and burden 
score of zero. For this reason, means were low across all groups. Two multiple regressions 
were conducted with fluoride exposure and covariates entered as predictor variables and 
impact and burden scores entered as dependent variables. The same dummy variables from 
the previous regressions were used. Both the impact and burden models were not significant. 
Full results from these regressions can be seen in Table 10. 
 
Table 9 
Means and standard deviations of impact and burden scores across %LEFW groups 
 
 
 Fluoride Exposure 
SDQ Scales Minimal Partial Full 
Impact score 0.64 (1.59) 0.75 (1.91) 0.72 (1.69) 








Simultaneous multiple regression analyses for variables predicting SDQ impact and burden scores 
 Impact Scores Burden Scores 
 B SE β p 95% CI B SE β p 95% CI 
Constant 1.41 0.29  .000 0.83, 1.98 0.70 0.13 
 
.000 0.45, 0.96 
Fluoride Exposure           
     Minimal (<25%)           
     Partial (25-<100%) 0.10 0.19 0.02 .583 -0.27, 0.47 0.08 0.08 0.04 .364 -0.09, 0.24 
     Full (100%) 0.10 0.16 0.03 .525 -0.21, 0.40 -0.01 0.07 -0.01 .891 -0.14, 0.13 
Household Income           
     Low Income           
     Medium Income -0.03 0.18 -0.01 .871 -0.39, 0.33 -0.07 0.08 -0.04 .402 -0.22, 0.09 
     High Income -0.12 0.20 -0.03 .547 -0.50, 0.27 -0.05 0.09 -0.03 .544 -0.22, 0.12 
Indigenous Identity           
     Non-Indigenous           
     Indigenous 0.18 0.41 0.02 .661 -0.62, 0.98 0.06 0.18 0.01 .749 -0.29, 0.41 
Parent Education           
     School-level Education           
     Vocational Education -0.27 0.24 -0.05 .258 -0.74, 0.20 0.00 0.11 0.00 .989 -0.21, 0.21 
     Tertiary Education -0.32 0.20 -0.08 .113 -0.73, 0.08 -0.06 0.09 -0.04 .477 -0.24, 0.11 
Parent Country of Birth           
     Australian-born           
     Overseas-born 0.06 0.14 0.01 .686 -0.21, 0.32 0.01 0.06 0.01 .843 -0.11, 0.13 
Sex           
     Male           
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Note. Reference groups for dummy variables were minimal fluoride (<25%), low income, non-Indigenous, school-level education, Australian-born, male, one guardian, major city, 
and SEIFA 1. SEIFA = Socioeconomic Indexes for Areas Group. Higher SEIFA group membership indicates greater socioeconomic advantage.
No. of Guardians           
     One Guardian           
     Two Guardians -0.25 0.23 -0.04 .277 -0.69, 0.20 -0.17 0.10 -0.06 .095 -0.36, 0.03 
Residential Location           
     Major City           
     Inner Regional 0.24 0.17 0.06 .150 -0.09, 0.57 0.08 0.07 0.04 .265 -0.06, 0.23 
     Outer Regional -0.14 0.20 -0.03 .467 -0.53, 0.24 -0.03 0.09 -0.01 .741 -0.20, 0.14 
     Remote/ Very Remote 0.26 0.35 0.03 .458 -0.43, 0.94 0.14 0.15 0.03 .351 -0.16, 0.44 
Socioeconomic Status           
     SEIFA 1           
     SEIFA 2 -0.10 0.22 -0.02 .666 -0.54, 0.34 -0.03 0.10 -0.01 .760 -0.22, 0.16 
     SEIFA 3 -0.37 0.23 -0.08 .104 -0.81, 0.08 -0.17 0.10 -0.08 .094 -0.36, 0.03 
     SEIFA 4 -0.24 0.22 -0.06 .258 -0.67, 0.18 -0.01 0.10 -0.01 .902 -0.20, 0.17 
     SEIFA 5 -0.26 0.22 -0.07 .253 -0.70, 0.18 0.00 0.10 0.00 .988 -0.19, 0.20 
Model F(17, 900) = 0.985, p = .473 R2 = 0.018 F(17, 900) = .952, p = .512 R2 = 0.018 







The purpose of the present study was to investigate whether a relationship exists 
between lifetime exposure to fluoridated water and child social and emotional wellbeing. The 
study aimed to address some of the limitations of previous studies connecting fluoride 
exposure to adverse effects on child wellbeing and explore the largely new area of social and 
emotional factors within water fluoridation literature. The study hypotheses were largely 
supported, as no significant relationships were found between %LEFW and SDQ scores. The 
results of this study contribute to the literature in suggesting water fluoridation is not 
detrimental to childhood health, namely not impairing crucial emotional and behavioural 
functioning. 
4.2 Summary of findings 
 
Our first two study hypotheses referred to the effect of lifetime exposure to 
fluoridated water on overall social and emotional wellbeing, as well as the subcategories of 
functioning (measured in SDQ total difficulty and subscale scores). No significant 
relationship was found for both overall and subcategory aspects of social and emotional 
wellbeing. This is inconsistent with the small amount of previous research conducted in this 
area, which found that fluoride exposure was associated with anxious and depressive 
symptoms in mice (Liu et al., 2014; Li et al., 2019). These descriptions of emotional 
difficulty are most closely related to the emotional problems subscale of the SDQ, for which 
each of the three fluoride groups did not significantly contribute to variance in scores. 
Membership to the minimal fluoride exposure group was associated with the lowest total 
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difficulty score, however the partial (β = .01) and full (β = .04) exposure groups were only 
slightly higher (Table 6). 
As previously discussed, other studies have found a relationship between fluoride 
exposure and the thyroid gland, with fluoride leading to depressive symptoms, but having a 
therapeutic effect on externalising problems (Galletti & Joyet, 1958; Peckham et al., 2015; 
Zachariassen & Flaten, 2009; Zohreh et al., 2018). The first again relates to the emotional 
problems subscale in the SDQ, while the latter is most relevant to the hyperactivity and 
conduct problems subscales. In the analyses, the model of predictors for conduct problems 
was not significant, and the hyperactivity model was significant, but fluoride exposure did 
not significantly contribute to the model. Despite this, the Beta values for hyperactivity did 
somewhat follow this trend in the literature in that membership to the full fluoride exposure 
group accounted for the greatest decrease in scores (β = -.03), albeit, this is a trivial effect. 
There are significant differences in methodology which likely explain this 
discrepancy in results between the present study and those done previously. The two studies 
linking fluoride to behavioural changes via decreased hyperthyroidism (Galletti & Joyet, 
1958; Zachariassen & Flaten, 2009) drew their conclusions based on animal samples, and 
measured much higher fluoride levels (5-10mg/L and 68mg/L) than those in Australian 
public water systems (0.6-1.1mg/L). This is a significant difference considering skeletal 
fluorosis is known to occur when fluoride concentrations reach 3.0mg/L (WHO, 2017). The 
two studies linking fluoride to hypothyroidism did measure lower fluoride levels (0.3-
0.7mg/L and 0-0.5mg/L) but did not directly explore any emotional or behavioural outcomes 
(Peckham et al., 2015; Zohreh et al., 2018). Bearing in mind this previous research, and the 
research connecting high fluoride exposure to cognitive deficits, it is probable that exposure 
to fluoride in high concentrations does cause issues in emotional functioning to some extent. 
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However, there remains no evidence that the levels of fluoride present in Australian water 
systems would be likely to cause emotional problems in children, nor are they likely to 
prevent conduct or hyperactivity problems. 
Our third hypothesis referred to the effect of fluoride exposure on total difficulty 
scores as measured by the proportion of participants belonging to clinical risk categories 
based on Goodman’s cut-off values (Youthinmind, 2019). Very slight differences between 
groups could be seen from inspection of frequencies, with the partial exposure group having a 
slightly greater proportion of participants in the borderline and abnormal category, and 
slightly less in the normal category. A logistic regression revealed that these differences were 
not statistically significant when confounders were controlled for. Consistent with the trend 
in frequencies between groups, individuals in the partial exposure group had a 1.53 greater 
probability of belonging to the clinically elevated group than those in the minimal exposure 
group. Those in the full exposure group had the next greatest probability, with an odds ratio 
of 1.07, however these differences were not significant. The present study appears to be the 
first to explore clinical risk categories in the context of fluoride exposure, however since the 
emotional problems subscale generally has the highest correlation with total difficulty scores 
(r = 0.80 in the present sample), it could be said that these results are again inconsistent with 
previous research in that they do not indicate fluoride exposure (within recommended 
concentrations) increases overall difficulties in social and emotional functioning. 
Hypotheses 4 and 5 referred specifically to the impact and subsequent burden of 
reported social and emotional difficulties. The minimal fluoride exposure group had a slightly 
lower impact score than the other two exposure groups, however neither regression models 
produced significant results, suggesting the difficulties experienced by those with less 
fluoride exposure do not necessarily have less impact on their day to day lives. The impact 
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and burden variables were developed to bring a more comprehensive understanding of social 
and emotional difficulties and thus may be most meaningful when analysed in accordance 
with, or to better understand, clear trends in total difficulty scores. Since analyses did not find 
an association between membership to fluoride exposure groups and total difficulty scores, it 
is not surprising that there were also no strong trends in the impact or burden of those 
difficulties. 
4.3 Strengths and limitations 
 
4.3.1 Non-inferiority testing 
 
Due to the time limitations of the project, the test of non-inferiority was not used to 
assess the null hypotheses. This is a significant limitation as, while no statistically significant 
difference was found between fluoride exposure groups, and we therefore cannot reject the 
null hypothesis that fluoride exposure has no effect on emotional and behavioural 
functioning, we also cannot accept this hypothesis solely on the basis of not reaching 
significance. These results do not provide definite evidence that those with full fluoride 
exposure are not unacceptably inferior than those with low exposure (i.e. that there is 
definitely no adverse effect of exposure to fluoride on social and emotional wellbeing). 
Therefore, any conclusions drawn from these results must be considered in light of this 
limitation and not be overstated, and future research should be conducted in consideration of 
this. Recommendations for future research will be discussed in greater detail further below. 
4.3.2 Use of %LEFW as measure for exposure to fluoride 
 
Despite being unable to confirm its hypotheses, the study largely completed its aims. 
As intended, the study corrected several limitations of previous research conducted which 
made claims regarding the danger of water fluoridation on child health. The measure used for 
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exposure to fluoride in the present study greatly improved upon many of those previously 
used; not only did the study focus on long-term exposure (rather than fluoride levels in the 
body), it also did not assume stable fluoride concentrations or participant residency overtime. 
While this measure did not capture all possible exposures to fluoride (e.g. teas and certain 
foods), it is understood that fluoridated water is often the primary source of fluoride in 
Australia. Maintaining focus on water fluoridation also makes the results and conclusions 
more directly applicable to public health policy, as public water fluoridation has often been 
the key concern of studies suggesting fluoride may have negative neurological effects. It 
should also be noted that the measure of fluoride exposure used in the study was obtained 
from the 2012-2014 NCOHS and is thus somewhat out of date, however, being a long-term 
measure, it likely still adequately reflects patterns of exposure in most participants. Being 
nationally representative, the study included a large number (N=194) of participants who had 
never had access to fluoridated water (i.e. whose fluoride exposure was 0%), as well as those 
who had always had this exposure (i.e. fluoride exposure of 100%, N=481). This bimodal 
distribution reflects common differences in fluoride exposure found in previous studies 
(Spencer, Do, & Ha, 2018). This representation of different exposure groups is a significant 
strength of the study, as its implications are relevant and applicable to all Australian states 
and public water fluoridation policies. 
4.3.3 Sample size and representativeness 
 
As was its aim, this study has contributed arguably the most nationally representative 
sample in this field of research, including participants from both regional and metropolitan 
areas, state and private schools, and from a variation of socioeconomic statuses and 
household circumstances. Unlike most previous studies in this area, the study also had a large 
sample size, giving ample power (.995 in a post-hoc analysis, see Appendix C) to detect the 
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small effects seen in analyses. Previous studies have often not known whether non-significant 
results were due to lack of power or truly reflective of there being no relationship between 
fluoride and child functioning. Meta-analyses in this area have thus recommended researchers 
ensure adequate sample sizes prior to analysis, which is a significant strength of the present 
study. 
The study is representative in its wide inclusion of demographic factors, however, 
common to community samples, the present sample did not have equal weighing across 
demographic groups. Of those involved in the study, 55.7% resided in a city, and most were 
from middle (42.7%) and high (39.6%) income households. This is not surprising, as it is 
difficult to obtain a completely random sample when recruiting from the public, and 
voluntary community samples are often largely comprised of individuals with higher 
education and sufficient resources required to participate (Cobb, Singer, & Davis, 2014; Ten 
Klooster, Smit, & Pieterse, 2017). The present sample was comprised largely of majority 
groups, with only 2.3% of participants identifying as Indigenous, only 9.6% having not gone 
beyond school-level education, and 17.7% falling into the low socioeconomic status group. 
Having primarily high-income, highly educated individuals involved in the study may have 
affected the generalizability of its findings, in that, while fluoride exposure may not impact 
social and emotional difficulties in those from areas of relative advantage, this relationship 
may look differently for those of different income, education and Indigenous groups. 
Our population was made up of the first responders (those who replied within 
approximately a month) of a larger study, and thus although the study’s sample was 
representative, it was also most likely made up of the most diligent and conscientious of 
participants. These participants may have been more likely to practice appropriate oral health 
behaviours or come from more favourable backgrounds, which may have affected their SDQ 
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scores and hidden a relationship between SDQ scores and fluoride exposure. Despite the 
sample being not entirely representative, this is still a notable improvement on the previous 
literature, which often used convenience samples, comparing two or three specific towns and 
attempting to control for confounders by keeping socioeconomic status the same. 
4.3.4 Use of SDQ as measure for social and emotional wellbeing 
 
The usefulness and applicability of the study conclusions is largely reliant upon the 
validity of the SDQ as a diagnostic tool for social and emotional difficulties. Use of the SDQ 
in this way was both a strength and limitation of the study. Use of reliable, valid, and widely-
used measures to assess child functioning has not previously been done in this area of 
research yet is a noteworthy improvement in the present study. However, while the SDQ is a 
well-established measure, it is not the gold standard of assessing social and emotional 
wellbeing. One-on-one diagnostic interviews have long been accepted as this gold standard 
(Goodman, 2001; Goodman et al., 2000; Vaz et al., 2016), however considering the study’s 
large, nation-wide population, and the time limitations of the project, use of this measure 
would have been impractical, and the study was not resourced efficiently to individually 
assess every child via clinical interview.  
As discussed earlier, research shows a good relationship between the SDQ and 
clinical interviews. This has been established in a number of international samples (Becker, 
Woerner, Hasselhorn, Banaschewski, & Rothenberger, 2004; Samad, Hollis, Prince, & 
Goodman, 2005; Vugteveen, De Bildt, Hartman, & Timmerman, 2018), as well as a general 
Australian sample (Hawes & Dadds, 2004), which reported moderate correlations between 
SDQ total difficulty scores and clinical interviews (r=.57). The common conclusion 
regarding these validations is that the measure is useful as a screening tool for noticing social, 
emotional and behavioural difficulties, but should not replace a formal clinical diagnosis. 
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Considering the aim of the study was to recognise patterns in social or emotional difficulties 
across fluoride exposure groups, and not to necessarily identify individual clinical issues, the 
SDQ proved valuable for its intended use. Use of the SDQ allowed us to explore the largely 
unexplored research area within a small timeframe, and this study remains one of the only 
studies to date to have assessed social and emotional wellbeing as an outcome of fluoride 
exposure in humans. 
 Limitations also lie more specifically in use of the parent-informant version of the 
SDQ. While questioning parents is the most efficient way of collecting information about 
children’s emotional and social problems, there is considerable evidence suggesting biases 
and inaccuracies can occur when informants provide information about children based on 
their own perceptions and experiences with them (Achenbach, 2009). Previous research has 
shown that parents are more accurate when reporting on externalising problems, and less 
accurate when rating internalising problems, due to internalising symptoms being difficult to 
see (Duhig, Renk, Epstein, & Phares, 2000). Parents experiencing depression, anxiety or 
stress themselves also tend to rate their children higher on emotional problems than 
independent raters (De Los Reyes & Kazdin, 2005). It is a known weakness that the subscales 
of the SDQ-P are not as internally consistent as the total difficulty scores (Kersten et al., 
2016). This was true within the present sample, with both conduct and peer problems scales 
not reaching the benchmark of 0.70. Considering these limitations, the best way of obtaining 
information about a child’s behavioural and emotional difficulties is through a combination 
of observation and interaction with the child themselves, as well as obtaining information 
from teachers and both guardians (Achenbach, 2009). 
Along with having items to identify difficulties, the SDQ asked for additional 
comments from parents, through which they could express further information regarding their 
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child or the questionnaire. Review of this section revealed a pattern in which several 
participants commented on how the emotional difficulties they reported seeing in their child 
were most likely due to puberty or being a teenager, and that the items in the questionnaire 
appeared to be more relevant to younger children than to adolescents. Similar to its other 
psychometric properties, validity for the parent-informant adolescent version of the SDQ has 
generally been reported as moderate to good (Bekker, Bruck, & Sciberras, 2016; He, 
Burstein, Schmitz, & Merikangas, 2013; Kovacs & Sharp, 2014), and each version of the 
SDQ is worded differently as to tailor items to the relevant age group. This is therefore a 
surprising theme in participants and suggests there may be an issue with the face validity in 
this version of the test. Lack of face validity may have impacted how thoroughly or truthfully 
guardians answered the questionnaire and contributed to the attrition rates of the study, thus 
impacting final results.  
As discussed, the parent version of the SDQ has been widely validated in Australian 
and other Western samples, however there have been questions regarding its validity in 
families with non-English speaking backgrounds (Kersten et al., 2016). Issues have also been 
found in its use with Indigenous Australian populations, in particular, the peer problems scale 
perceiving certain behaviours as problematic which are actually not considered to be an issue 
within that cultural context (Williamson et al., 2014). Approximately one-third of the study 
sample (32.9%) reported that one or both parents were not born in Australia. This means that 
a considerable amount of the children in the sample may have grown up in non-Western 
backgrounds, and as there have been concerns surrounding its validity in non-Western 
countries (Coghill, Kou, & Du, 2008; Riso et al., 2010), it may be that the SDQ did not 
provide an accurate indication of emotional and social difficulties for the participants from 
these backgrounds. 
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4.3.5 Attrition rates 
 
As the study required participants to complete a relatively long questionnaire 
including questions on oral health, cognitive wellbeing, and the SDQ, many participants did 
not complete the entire questionnaire. In fact, a total of 279 participants dropped out before 
completing the section of the form containing the SDQ. Comparison of demographic 
variables between completers and those who dropped out of the study suggests minimal 
differences between those who completed the SDQ and those who did not. Of those who 
dropped out, there were slightly more with only one guardian (14.8%), and slightly less 
individuals educated beyond school level (86.5%), than in the final sample (9% and 
90.4% respectively). This makes sense, as those from one guardian households and those 
with less education may have less time and resources to complete the study than those 
with two guardians or higher education. Apart from this, demographic patterns appeared 
similar across the two groups. As this study relied on following up participants from a study 
conducted five years ago, attrition rates from the original study were most likely also a factor 
in the final participant group recruited. 
4.3.6 Control of confounders 
 
In consideration of previous research, the present study developed and successfully 
controlled for a number of confounders relevant to the present Australian sample. This is a 
notable improvement to previous studies; whereby very significant confounders were often 
not considered, and it could not be concluded whether any effects found were due to the lack 
of control for these. While the study had data on a range of key confounders, it was not 
completely comprehensive, and did not control for all factors which could influence social 
and emotional functioning. For example, parent education, income and socioeconomic status, 
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were controlled for in the present study, but there are also other factors within the home 
which have been known to impact a child’s functioning (Pachter, Auinger, Palmer, & 
Weitzman, 2006). One study exploring the effect of fluoride exposure on intelligence 
accounted for this by also controlling for home environment (Green et al., 2019). It was also 
recommended that future studies control for parent IQ. Similarly, considering the potential 
for bias when using parent-report questionnaires, the present study would have benefitted 
from the assessment and control of parents’ emotional and behavioural functioning as well as 
children’s. 
4.4 Implications for policy and future research 
As discussed, there have been considerable concerns regarding water fluoridation in 
several recent studies. The effectiveness of water fluoridation has long been confirmed, 
however this study addressed these questions regarding simultaneous adverse effects on child 
development, suggesting water fluoridation is of much greater benefit than risk to public 
health. The study therefore provides support for each state-wide policy of water fluoridation 
in Australia by suggesting the social and emotional wellbeing of children is not significantly 
affected by regular exposure to fluoride at its current concentration level in public water 
supplies. While these results do not point toward national policy change, it does suggest that 
introducing these policies into the smaller towns and cities in Australia which still do not 
have fluoridated water (several of which are in Queensland) would not be of detriment to 
children’s wellbeing and thus should be considered by local governments. Sound literature 
which suggests those with full exposure to fluoridated water are not functionally inferior is 
beneficial in that it prevents the need for a large-scale evaluation of water fluoridation. Were 
this to be a necessity, there would be significant economic implications, as this would extend 
also to fluoride levels in numerous foods, drinks and dental products. 
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Due to a lack of high-quality research, meta-analyses to date have not reached 
consensus regarding the relationship between early fluoride exposure and child functioning 
(Choi et al., 2012; Tang, Du, Ma, Jiang, & Zhou, 2008). This study has followed the 
recommendations of previous systematic reviews by contributing high-quality research which 
has addressed several previous criticisms of work in this area, while exploring the relatively 
new research interest of fluoride in relation to social and emotional difficulties in children. 
However, the study’s methodology and results suggest certain factors should be considered 
for future research to improve and further explore this area of literature. To confirm the 
inferences about the null hypothesis, future research should involve testing the equivalence, 
or at least non-inferiority, of exposure groups, so as to assess whether those with consistent 
exposure to fluoride from drinking water are equivalent, or not inferior, in social and 
emotional functioning to those without this exposure (Lakens, 2017; Schumi & Wittes, 
2011). Either conclusion would provide support for maintaining Australian public water 
fluoridation policies. 
Rationale for the present study was largely related to weak methodology in previous 
studies linking fluoride exposure to child development, with several of these focussing on 
cognitive deficits and IQ. While this study suggests it is probable that low level fluoride 
exposure has no effect on social and emotional development, the SDQ does not measure 
cognitive functioning, and thus we are unable to make broad conclusions as to whether 
exposure to fluoride has no adverse effect on overall child development. Further research is 
required to explore this relationship with a representative sample and sound measures of 
lifetime exposure to fluoridated water at practically relevant concentrations. As the SDQ only 
reached moderate levels of internal consistency in the study sample, future research may also 
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benefit from use of a psychopathology measure closer to the gold standard. Studies with 
greater time and resources should consider use of clinical interviews to achieve this. 
Overall, these results are relevant to Australian public water policies, and the 
conclusions are drawn with a reliance on controlling for confounders relevant to those 
residing in Australia. These confounding variables may be significantly different in other 
countries, in particular those which have high levels of other harmful chemicals in the 
environment (NHMRC, 2017). As water fluoridation has been raised as a concern in research 
primarily from other countries, namely China (Choi et al., 2015; Cui et al., 2018; Yu et al., 
2018) and India (Das & Mondal, 2016; Khan et al., 2015; Mondal, Dutta, & Gupta, 2016; 
Razdan et al., 2017), international studies similar to the present should be conducted to assess 
the impact of water fluoridation in concentrations specific to other countries’ policies, 
controlling for confounders relevant to those countries, with use of representative 
international samples. 
4.4 Conclusions 
This study has contributed valuable research to the literature, suggesting exposure to 
fluoride (at the concentrations found in Australian public water supplies) does not have a 
significant negative or positive effect on child social and emotional wellbeing. The results of 
the study suggest further research is required to replicate these findings in other 
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Appendix C: Power analysis results 
Priori power analysis 
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pebdtot Stem-and-Leaf Plot 
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